INTRODUCTION
============

The telomere, located at the end of the eukaryotic chromosome, is a specialized structure that consists of six TTAGGG bases in a repetitive pattern ([@B1]). Its role is to protect the chromosomes from DNA degradation, end-to-end fusions, rearrangement, and loss ([@B2]). For every cell division, 50-200 nucleotides are decreased during the aging of normal cells. As the telomere becomes shorter, it finally reaches a stage when apoptotic cell death is inevitable. This shortening process of the telomere may control the proliferative capacity of normal cells, and may be associated with aging process ([@B3]-[@B6]).

Telomerase is a type of ribonucleoprotein which adds hexameric repeats of 5\'-TTAGGG-3\'to the end of telomeres to preserve the length of the chromosome. It does not express on normal somatic cells, but is instead expressed on immortalized cells, such as tumor cells ([@B7], [@B8]). Telomerase activity can be an index of malignant potential or malignancy itself in brain tumors. The presence of telomerase in a certain tumor results in a worse prognosis than a tumor without telomerase. A tumor with less or no telomerase activity has been found to have a better prognosis ([@B9]-[@B11]). On the other hand, cells that are telomerase positive have stronger survival and higher resistance against apoptosis ([@B5]). The fact that these cells are more susceptible to death when the action of telomerase is blocked proves that telomerase has a definite role in cell death and prognosis.

In order to investigate whether the expression of telomerase can be used as a prognostic factor, we studied the relationship between telomerase activity and survival in 62 patients with brain tumors.

MATERIALS AND METHODS
=====================

Patients and pathological diagnosis
-----------------------------------

Between March 1998 and December 1999, 93 consecutive patients with brain tumors were treated with surgical resection. A total of 62 of the cases with brain tumors had available surgical specimens. All tumor tissue was obtained at the time of surgery, frozen as rapidly as possible, and stored at -80℃ until subjected to assay.

The pathological types of brain tumors were classified according to World Health Organization (WHO) classification ([@B13]). They consisted of 16 astrocytic tumors, including 6 astrocytomas, 4 anaplastic astrocytomas, and 6 glioblastomas, 16 meningiomas, 12 pituitary adenomas, 9 metastatic brain tumors, 6 acoustic neurinomas, 2 pineoblastomas, and a hemangioblastoma. We also categorized the patients pathologically as aggressive group (group I) and non-aggressive group (group II). In the aggressive group, astrocytic tumors, pineoblastoma, and metastatic tumors were included. The remaining tumors, including pituitary adenoma, meningioma, acoustic neurinoma, and hemangioblatoma, were categorized as the non-aggressive group. Gliomas were also classified into high-grade gliomas, including anaplastic astrocytoma and glioblastoma, and low-grade glioma including astrocytoma.

After surgery, clinical follow-up data were obtained from patients. Follow-up imaging studies were requested at 1, 3, 6, and 12 months for the first year and at 6-month intervals thereafter. The follow-up period was censored on December 2003. Survival time was measured as the time from the date of the initial surgery to the date of death. Progression-free survival time was calculated from the date of the initial surgery to the onset of clinical deterioration or radiologically confirmed tumor recurrence.

Telomerase assay
----------------

As described previously, the telomerase assay was performed by a method of the telomeric repeat amplification protocol (TRAP) ([@B8]). The tumor tissues, which had been preserved at -80℃, were thawed, washed three times with phosphate-buffered saline (PBS; pH 7.4), dissected into 2-3 µL fractions with sterile scissors, and inserted into the 1.5 mL tubes. Tumor tissues were homogenized in 200 µL ice-cold CHAPS lysis buffer \[10 mM Tris/HCl pH 7.5, 1 mM MgCl~2~, 1 mM EDTA, 0.1 mM PMSF, 5 mM β-mercaptoethanol, 0.5% CHAPS, 10% glycerol\], supplemented with 150 units RNasin (Promega, Madison, WI, U.S.A.), and incubated for 30 min on ice. The lysates were centrifuged at 12,000 *g* for 20 min at 4℃. The supernatants were rapidly frozen and stored at -80℃. The protein concentration of the supernatant was determined with the BCA protein assay kit (Pierce, Rockford, IL, U.S.A.). Supernatant samples equivalent to 200 ng/µL of protein were assayed in 50 µL of reaction mixture comprised of 20 mM Tris/HCl pH 8.3, 1.5 mM MgCl~2~, 63 mM KCl, 0.05% Tween 20, 1 mM EGTA, 50 µM deoxynucleoside triphosphates, 0.1 µg TS primer (5\'-AATCCGTCGAGCAGAGTT-3\'), 0.1 µg TRAP primer mix, and 2 units *Taq* DNA polymerase (Gibco-BRL, Gaithersburg, MD, U.S.A.). After the reaction mixture was incubated for 30 min at room temperature for telomerase-mediated extension of the TS primer, it was then subjected to 36 polymerase chain reaction (PCR) cycles at 94℃ for 30 sec, at 53℃ for 30 sec, and at 72℃ for 30 sec. The PCR products were then electrophoresed on 12.5% polyacrylamide gels at 400 V for 25 min and silver staining (Silver stain kit, Bioneer, Cheongwon, Korea) was performed. 25 bp DNA stepladders (Promega, Southampton, U.K.) were used as markers. For every reaction, telomerase-positive extracts and PCR/ELISA-positive controls were used. For each specimen, heat inactivation controls were made at 85℃ for 10 min.

Statistical analysis
--------------------

For statistical analysis, we used a commercially available program, SPSS version 9.0 (SPSS Inc., Chicago, IL, U.S.A.) for Windows. The Kruscal-Wallis test was used to correlate the expression of telomerase according to the pathological types of the tumor. The difference among the positive rates of telomerase activity in the different grades of glial cell tumors was analyzed by the Mann-Whitney test. Survival of the patients was plotted by the Kaplan-Meier method, and their difference was compared by the Log-rank test. A probability value of less than 0.05 was considered statistically significant.

RESULTS
=======

Patient characteristics
-----------------------

We included 24 (39%) men and 38 (61%) women in the study. Their mean age was 41.9±18.5 yr (range, 2-71 yr). At the time of last follow-up, 11 patients were dead and 22 patients were progressed clinically or radiologically. The median follow-up period was 26 months (range, 3-44 months).

Telomerase activity and pathological types
------------------------------------------

Telomerase activity was detected in 39 (63%) out of 62 brain tumors ([Fig. 1](#F1){ref-type="fig"}). Of the 16 cases of astrocytic tumors, 10 cases (63%) showed expression of telomerase activity. Five (83%) of 6 glioblastomas, 3 (75%) of 4 anaplastic astrocytomas, and 2 (33%) of 6 astrocytomas were positive in telomerase activity. Two pineoblastomas showed telomerase activity; eight (67%) of 12 pituitary adenomas, four (67%) of six acoustic neurinomas, and 10 (63%) of 16 meningiomas showed telomerase activity, suggesting a relatively high expression rate. Nine metastatic brain tumors were found to express telomerase activity in five (56%) cases. Overall, the expression rate of telomerase activity showed no significant difference among pathological types (*p*\>0.05; [Table 1](#T1){ref-type="table"}). However, telomerase activity of the glioma showed a definite association with the pathological grade ([Fig. 2](#F2){ref-type="fig"}).

Correlation between telomerase activity and survival time
---------------------------------------------------------

The median survival time of patients with and without telomerase activity was 21 and 34 months, respectively. The difference was statistically significant ([Fig. 3](#F3){ref-type="fig"}). There was also a difference in the median progression-free survival time of patients with and without telomerase activity ([Fig. 4](#F4){ref-type="fig"}). In group I, the median survival of patients with and without telomerase activity was 9 and 18 months, respectively. There was a significant difference between telomerase-positive and negative groups ([Table 2](#T2){ref-type="table"}).

Among group I tumors, the difference in median progression-free survival time was significant, according to the presence or absence of telomerase activity. On the other hand, telomerase activity did not affect the overall survival duration for patients with group II tumors. In the median progression-free survival of group II, there was a significant difference between telomerase-positive and negative tumors ([Table 2](#T2){ref-type="table"}).

Our data suggest that telomerase activity has a significant prognostic impact on both overall survival and progression-free survival for all tumors in the aggressive group. Telomerase activity does not affect overall survival in non-aggressive tumors, although it is associated with this group\'s progression-free survival.

DISCUSSION
==========

Telomerase consists of RNA which acts as a template for the simple base pair sequence tracts. A catalytic subunit acts as a reverse transcriptase on the RNA template. The catalytic subunit of telomerase was first identified in humans by Harrington et al. ([@B14]). Telomerase exists in its inactive state in normal somatic cells, except for adult stem cells and early embryonic cells. The complete mechanism of its activation is currently not understood. However, its activity has been found to increase in neoplastic cells, especially in tumors on the stomach, lung, brain, breast, hematopoietic system, and thyroid gland ([@B10], [@B15]-[@B19]). Telomerase activity was detected in 74.1% cytologic specimens and in 85.2% tissue specimens of breast cancers ([@B16]). Moreover, Poremba et al. ([@B20]) found that in neuroblastomas, telomerase activity is a powerful, independent prognostic marker. It is capable of differentiating between good and poor outcomes in putative \'favorable\' clinical or biological subgroups. In neuroepithelial tumors, telomerase activity was detected in 66 (61.7%) of 107 cases. It was expressed in 20% for grade II astrocytoma, 40% for anaplastic astrocytoma, and 72.3% for glioblastomas, respectively ([@B10]). In addition, Kudoh et al. ([@B21]) found telomerase activity in 98% of glioblastomas, 86% of anaplastic astrocytomas, 54% of low-grade astrocytomas, 83% of anaplastic meningiomas, 47% of atypical meningiomas, and 7% of benign meningiomas. Telomerase activity in brain tumors including glioma, meningioma, and pituitary adenoma has been related to their prognosis ([@B9], [@B11]). Moreover, from the fact that telomerase activity increases in tumors with high metastatic potential ([@B22]), it is suggested that it could be used as an index in the prediction of metastasis. In our study, telomerase activity was higher in high grade gliomas than in low-grade tumors. This suggested that telomerase can not only act as a biological marker for malignant potential of the glial tumors but can also act as a significant prognostic factor. This is supported by evidence that tumors with absent or low telomerase activity hold a better prognosis. However, as we found in the present study, the differences in the activity of telomerase, according to the degree of histological malignancy, was not statistically significant. This shows that telomerase activity cannot be the sole factor in predicting the prognosis of patients with brain tumors. Therefore, preexisting prognostic factors such as age, performance status of the patient, and tumor recurrence should still be taken into account.

Telomerase-positive cells with elongated telomeres increased survival ability and resistance to apoptosis over cells with shorter telomeres. Telomerase activity and maintenance of telomere stability are associated with high resistance to apoptosis ([@B12]). It is known that the response to the treatment of epithelial cell tumors found in the head and neck decreases when the activity of telomerase is high. Also, the survival period of lung cancer patients was decreased as the activity of telomerase was increased ([@B18], [@B23], [@B24]). In the present study, the telomerase-positive tumor group attained significantly shorter overall survival and progression-free survival durations compared to the telomerase-negative tumor group. On the other hand, the overall survival duration in the non-aggressive tumor group, containing pituitary adenoma, meningioma, hemangiblastoma, and acoustic neurinoma, was not influenced by telomerase activity. However, the progression-free survival was significantly different between the telomerase-positive and negative groups. This may also suggest that telomerase activity is an important prognostic factor in the progression of brain tumors.

Since this study shows such dysmorphic results in dealing with all types of brain tumors, the prognostic significance of telomerase activity will be made clear if we provide more confident results using a pathologically homogenous type of brain tumor.

In conclusion, telomerase activity can be an important prognostic factor in predicting the progression and survival of patients with brain tumors. However, the median overall survival is not affected by telomerase activity in non-aggressive tumors. Telomerase may also play a role in the malignant progression of gliomas.
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![TRAP assay for telomerase activity in surgical specimens of brain tumors. TS oligonucleotides were amplified by PCR, with the downstream primer CX \[5\'-(CCCTTA)~3~ CCCTAA-3\'\] and the upstream primer TS, in the presence of internal TRAP assay standard. Reaction products were resolved on a 12.5% polyacrylamide gel. The positive control is shown in lane 1 and the molecular weight marker in lane 2. Telomerase activity is detected as a typical laddering pattern in glioblastomas (lane 3 and 4) and meningioma (lane 5).](jkms-21-126-g001){#F1}

![Comparison of telomerase activity between high-grade and low-grade gliomas (*p*=0.022). Gliomas were divided into two groups, high-grade gliomas including anaplastic astrocytoma and glioblastoma, and low-grade glioma including astrocytoma.](jkms-21-126-g002){#F2}
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^\*^CI, confidence interval.
